Background and Objective: Since the 1990s, multiple studies have reported on an increased incidence of renal cell carcinomas (RCC), which has been considered incidental to the high use of abdominal diagnostic imaging. This population-based study used data from the California Cancer Registry to (i) update trends in RCC incidence and mortality by several tumor and demographic characteristics after reports of decreased use of diagnostic imaging in recent years, and (ii) examine changes in surgical treatment for early-stage RCC. Methods: Records of patients diagnosed with RCC from 1988 through 2013 and mortality data from the same period were examined. Joinpoint regression was used to estimate annual percent changes in age-adjusted RCC incidence and mortality rates, stratified by sex, race/ethnicity, stage at diagnosis, grade, and tumor size. Trends in the proportion of partial or total/radical nephrectomies were evaluated by Cochran-Armitage tests. Results: A total of 77,363 incident cases of RCC and 28,590 deaths were evaluated. While mortality rates significantly decreased, the incidence of small localized RCC increased in virtually all groups examined after the mid-1990s until 2008-2009, when incidence trends stabilized in all groups concomitant with a decrease in imaging. The proportion of partial nephrectomies among patients with small localized tumors increased from 13.8% in 1988 to 74.6% in 2013. Conclusions: Earlier trends in RCC were consistent with the incidental discovery of small tumors. In parallel with the increase in early-stage RCC, the use of partial nephrectomies increased markedly. Following the decreased use of advanced diagnostic imaging, the trend of increasing RCC incidence appears to have ended in California.
INTRODUCTION
Kidney cancer is the eighth most commonly diagnosed cancer in California. In 2013, there were 5,678 new cases of kidney cancer in the state and 1,350 deaths due to the disease [1] . The great majority of imaging in the US between 1996 and 2010 found that the use of ultrasound doubled, computed tomography (CT) tripled, magnetic resonance imaging (MRI) quadrupled and positron emission tomography (PET) scans increased tenfold after 2004 [20] . An earlier study, based on data from private insurers in California, reported 50 percent increased use of MRI and CT and 400 percent increased use of PET scans between 2000 and 2004 [22] .
Advanced diagnostic imaging has the potential to detect tumors before they become symptomatic. A previous case-series comparing symptomatic to non-symptomatic kidney cancers found that 61% of cases were incidentally-discovered tumors [16] . However, there is now evidence that the increased use of advanced imaging utilization has slowed in outpatient settings in recent years, [23] although not necessarily in hospital emergency departments [24] . A recent analysis by King et al. using combined data from the Surveillance, Epidemiology and End Results (SEER) and from the National Program of Cancer Registries from 2001-2010, found that not all incidentally diagnosed tumors are indolent, as the highest increase in RCC incidence was detected in grade III disease [11] . This finding suggests that other factors may be contributing to the increased incidence of RCC.
During the past decade, partial nephrectomies have been recommended as a safe alternative to radical nephrectomies as a way of preserving long term renal function, and is considered as the preferred primary treatment for patients with T1a tumors by the National Comprehensive Cancer Network guidelines (https://www.nccn.org/professionals/physician gls/pdf/kidney.pdf). However, a publication in 2011 of clinical trial data has generated new controversy regarding the comparative benefits of partial versus radical nephrectomies [25] . Because a rise in the incidence of RCC results in an increased number of surgeries, it is important to examine how patients diagnosed with early stage RCC have been managed.
In this study we sought to (i) update information on trends in RCC incidence and mortality by several tumor and patient demographic characteristics in light of the reported decrease in diagnostic imaging, and (ii) examine potential changes in surgical treatment for early-stage RCC in California. The large and highly diverse population in California allows for granular analyses of RCC trends and likely reasons for the increased incidence of RCC, as well as the temporal changes in surgical treatment of earlystage RCC.
METHODS

Sources of data
The study was conducted using California Cancer Registry (CCR) records of patients having pathologically confirmed kidney cancer from 1988 through 2013. The CCR is California's population-based cancer surveillance system; it has collected statewide data on tumor characteristics, diagnosis, treatment, follow-up, and patient demographic information for incident cancers diagnosed since 1988. Data are collected through a network of regional registries, which are also affiliated with the National Cancer Institute's SEER program.
Tumor site and histology were coded according to the World Health Organization International Classification of Diseases for Oncology (ICD-O, third edition) [26] . Kidney tumors with histologic codes 8260, 8310, 8312, and 8316-8318 were classified as RCC. Tumor grade, or degree of cellular differentiation was classified as well (I), moderately (II), and poorly/not differentiated (III/IV). Stage of disease at diagnosis was coded according to SEER Summary Staging rules [27] . Based on this staging system, an invasive tumor is classified as localized when confined entirely to its organ of origin. Regional tumors extend beyond the organ of origin, either into regional lymph nodes or by direct contact with nearby organs or tissues. Distant tumors have metastasized to other parts of the body at the time of diagnosis. Tumor stage was considered unknown if the information available was not sufficient to assign a stage.
Tumor size in its greatest dimension was coded in centimeters and categorized as ≤ 4 cm, 4.1-7.0 cm, 7.1-10.0 cm and >10 cm. These size categories correspond to those in the current American Joint Committee on Cancer TNM system [28] T component classification for localized kidney tumors: T1a (≤ 4 cm), T1b (4.1-7.0 cm), T2a (7.1-10.0 cm) and T2b (>10 cm).
Race/ethnicity was coded according to the North American Association of Central Cancer Registries' Hispanic and Asian/Pacific Islander Identification Algorithm (NHAPIIA) [29] . Age at diagnosis was grouped as 20-44, 45-54, 55-64, 65-74, and 75+ to provide more granular information.
An area-based socioeconomic status (SES) composite index, [30, 31] categorized in quintiles, was used to represent SES in the patient's neighborhood. This index was created through principal component analysis and includes the following census variables: proportion with a blue-collar job, proportion older than 16 years in the workforce without a job, median household income, percent below 200% poverty level, median gross rent, median value of owner-occupied houses, and an education index.
Type of surgery was classified based on codes from the American College of Surgeons' Commission on Cancer Facility Oncology Registry Data Standards (FORDS) [32] . Surgery codes 10 through 30 (including local tumor destruction, local tumor excision, partial or subtotal nephrectomy such as segmental and wedge resection) were classified as excision/ partial nephrectomy; codes 40-50 (complete, simple, total or radical nephrectomy) were classified as total/radical nephrectomy; codes 60-90 (any nephrectomy in continuity with the resection of other organ(s), nephrectomy or surgery, not specified) were classified as surgery not otherwise specified (NOS).
Mortality data files for kidney cancer were obtained through the California Department of Public Health, Center for Health Statistics and Informatics. Rates were calculated for kidney cancer deaths regardless of histologic type, which is not specified in the death certificate.
Statistical analysis
Frequency distributions of patient demographics (age at diagnosis, race/ethnicity and neighborhood SES) and tumor-related characteristics (histology, laterality, tumor size, and stage at diagnosis) were obtained for all incident cases of RCC. The SAS System release 9.3 (SAS Institute Inc., Cary, North Carolina) was used to obtain mean, median, and proportions for all study variables. The CochranArmitage Test was used to evaluate the statistical significance of trends in proportions, with a significance threshold of 0.05. The Surveillance Research Program, National Cancer Institute SEER*Stat software version 8.2.1 (www.seer.cancer.gov/seerstat) was used to calculate incidence and mortality rates age-adjusted to the 2000 U.S. standard population. Age-adjusted incidence and mortality rates were stratified by sex, race/ethnicity, and age; incidence rates were also stratified by stage at diagnosis, tumor size (as they would be currently classified), tumor grade and SES level.
Trend analyses were performed using the Joinpoint Regression Program, Version 4. Joinpoint linear regression is a method that describes complex temporal trends by detecting "joinpoints", or points in time where the slope of the regression line significantly changes [33] . At each line segment, or time period, trends in incidence and mortality rates were measured using the estimated annual percent change (APC). All statistical tests had a significance threshold of 0.05.
RESULTS
Incidence
A total of 86,650 kidney cancer cases were diagnosed in California from 1988 through 2013. Of these, 77,363 (89.3%) were histologically confirmed as RCC and 9,287 (10.7%) as other tissue types (including 1,277 cases classified as malignant neoplasm but not histologically confirmed). Frequency distributions for all study variables for RCC cases are shown in Table 1 . Of all RCCs with a specified histologic subtype (40,988), 32,501 (79.3%) were clear cell carcinomas, 4,914 (12.0%) were papillary carcinomas, and 2,448 (6.0%) were of the chromophobe type. Histologic subtype was not otherwise specified in 36,375 (47.0%) cases. The majority of cases were diagnosed in males (63.9%), and at localized stage of disease (61.5%). Stage was not documented in 4.3% of cases. The majority of tumors (97.7%) were unilateral, 0.3% were bilateral, and tumor laterality was not documented in 2.0 percent of cases. Almost half of RCC cases (49.1%) were diagnosed in patients 65 years of age and older. While RCC incidence rates were substantially lower among females than in males, patterns in trends were similar for both sexes (Table 2) and 5.0% for males and females, respectively, both with p < 0.001). However, incidence rates reached a plateau after 2008, and no further increases in rates were seen (APC = 0.5%, p-value = 0.500 for males and APC = -0.5%, p-value = 0.480 for females) (Fig. 1a) . Incidence rates increased in all age groups, particularly from the mid to late 1990 s (Table 2) . However, with the exception of rates among the 20-44 years age group (for whom the incidence of RCC continued to significantly increase through 2013), trends reversed and RCC incidence stabilized in 2008 and 2009 (Fig. 1b) . Similar to what was described for trends by age group, incidence rates of RCC increased significantly and markedly in all racial/ethnic groups examined, but only until [2007] [2008] [2009] (Fig. 1c) . Incidence rates among whites and Hispanics increased significantly and in a similar pattern, by 1.7 percent and 1.9 percent per year until 2000, and by 4.4 percent and 5.0 percent per year until 2008 and 2009, respectively, after which there were no significant change in rates (Table 2) . Among African Americans, rates increased by 3.4 percent per year until 2009 and stabilized thereafter, while among Asian/Pacific Islanders, the increase in Table 2 Annual Percent Change (APC) in age-adjusted incidence rates for renal cell carcinoma (RCC) and mortality rates for kidney cancer a in California, 1988-2013 rates was less pronounced but the trend also stabilized after 2007.
The incidence of localized RCC (i.e., tumors confined to the kidney parenchyma) increased by 3 Table 2 ). Consistent with trends described for other groups examined, incidence rates of localized RCC flattened after 2008 (APC = 0.3, p-value = 0.586) (Fig. 1d) . This pattern held after incident localized tumors were stratified by age group and race/ethnicity (data not shown). Further analysis, restricted to localized tumors, showed that the proportion of T1a tumors increased from 35 percent in 1988 to 59 percent in 2013, while the proportion of localized T1b tumors decreased from 43 percent to 28 percent during the period (data not shown).
The incidence of regional-stage tumors increased after 1996, but less so (APC = 1.0, p < 0.001, Table 2 ), with the increase limited to persons younger than 44 years old (APC = 1.7, p-value = 0.004) or 75 years and older (APC = 1.1, p-value < 0.001). Metastatic RCC incidence did not increase during the study period (Table 2) , except for patients 75 years and older, for whom the incidence of metastatic RCC increased by 0.7 percent per year until 2013 (APC = 0.69, p = 0.018, not shown). The incidence of high grade tumors (grades III-IV) increased dramatically (APC = 8.1, p-value < 0.001, Table 2 ) but again, only until 2008, after which incidence did not change significantly (APC = -1.5, p-value 0.301) (Fig. 1e) . Tumors well or moderately differentiated (grades I and II) also increased from the early 1990 s until 2009 (APC 1.5 and 7.2, respectively, both with p-value < 0.001). Interestingly, grade I and II tumors were the only characteristic for which incidence declined markedly and significantly after 2009: APC = -6.7 (p-value = 0.029) and -3.7 (p-value = 0.025) for well and moderately differentiated tumors, respectively (Fig. 1e) . The incidence of tumors of unknown grade, which was stable after an initial decline, increased again after 2009 (APC = 7.7, p-value = 0.006).
Among RCC tumors for which size was reported, the proportion of tumors ≤ 4.0 cm increased substantially, from 26. (Fig. 1f) .
Incidence rates for localized RCC, the stage with the largest increase in rates, were evaluated by neighborhood SES. Results showed that although rates of localized RCC were higher in more affluent areas (data not shown), similar increases in rates of localized RCC were detected in all SES levels, particularly during the late 1990s' and early 2000s' ( Table 2) . Following the pattern described above, rates increased until 2008, and stabilized after that.
Surgical treatment
Between 1988 and 2013, a total of 61,023 (78.9%) patients with RCC were surgically treated; 15,869 (20.5%) were not surgically treated, and information regarding surgical treatment was not available for 471 (0.6%) cases (Table 1) . Trends in surgical procedures used to treat localized tumors were examined. During the study period, 44,071 (91.8%) of the 47,992 patients with localized RCC were surgically treated. The percentage of surgically treated patients declined, from 96.3 percent in 1988 to 88.6 percent in 2013 (p < 0.0001, data not shown).
Among patients with surgically treated localized RCC (excluding those without information on the type of procedure), the proportion receiving a partial nephrectomy increased from 6.3 percent in 1988 to 56 percent in 2013 (data not shown). When tumors larger than 4 cm were excluded, the proportion of partial nephrectomies increased from 13.8 percent in 1988 to 74.6 percent in 2013 (Fig. 2) , while total/radical nephrectomy in this group declined from 86.2 percent to 25.4 percent during the same period (p-value for trend <0.001).
Mortality
A total of 28,590 deaths in California between 1988 and 2013 were due to kidney cancer. During that period, kidney cancer mortality rates declined significantly in both sexes -by 0.4 percent per year among males and by 0.6 percent per year among females. Decreased mortality rates were observed in both sexes and in all age groups, particularly after the mid-1990s. The only exception was among patients 75 years and older, for whom kidney cancer mortality rates increased by 0.7 percent per year (Table 2) , parallel to the increase in metastatic RCC incidence in this age group.
Mortality rates among whites decreased significantly: APC = -0.5, p < 0.001; a similar but not statistically significant decrease was observed among African Americans. After an initial increase in rates, mortality among Hispanics declined by one percent per year after the late 1990s (APC = -1.1, p = 0.025). Asian/Pacific Islanders were the only group with an increase in mortality rates between 1988 and 2013 (APC = 1.1, p = 0.016), although mortality rates in this group were considerably lower than rates in other racial/ethnic groups ( Table 2) .
DISCUSSION
The increase in the incidence of RCC has been extensively documented, but to the best of our knowledge, this is first report of the possible end of that trend. Our study shows that the marked increase in the incidence rates of RCC in California, particularly after the late 1990s, subsided between 2007 and 2009, when incidence rates stabilized for males and females, in all age and all racial/ethnic groups.
The increased trend in RCC incidence detected after the late 1990s in all California population subgroups examined was limited mostly to localized stage at diagnosis. That trend was driven by a significant increase in the incidence of small tumors, particularly those less than 4 cm in diameter. Incidence rates of localized RCC, which increased dramatically until 2008, took a sudden turn and levelled off through 2013, a pattern that was observed in RCC incidence trends in all demographic and tumorrelated characteristics examined in this study. Despite the fact that the increase in incidence was limited to early-stage tumors, the incidence of poorly differentiated or anaplastic tumors also increased significantly. Although trends levelled off after 2008, the early increase in high grade tumors would suggest that not all incidentally detected RCCs are indolent [11] .
The notable exception to the observed plateau in rates was among persons between 20 and 44 years of age, for whom incidence rates continued to significantly increase, from 1.2 per 100,000 in 1988 to 3.4 in 2013. Although the reasons for this increase are not clear, it could be hypothesized that obesity, a risk factor for many cancers, may be a contributing factor. To that effect, data from the California Health Interview Survey (http://ask.chis.ucla.edu/AskCHIS/ tools/ layouts/AskChisTool/home.aspx) shows that the prevalence of obesity in this age group increased from 18.2% in 2001 to 26.4% in 2015. However, the increase in obesity during the same time period has been documented for all age groups, from 23.6% to 33.0% among adults 40 and 64 years of age and from 18.8% to 28.1% among those 65 to 79 years old. Hypertension, another risk factor for kidney cancer, has also increased over time, although not as dramatically as obesity. On the other hand, the prevalence of smoking in California has declined from 23.7% in 1988 to 11.6% in 2014 [34] . Therefore, the relationship of changes in the prevalence of these risk factors to changes in RCC incidence is unclear.
While incidence increased, kidney cancer mortality declined significantly in most population groups, particularly after the mid-1990s. Exceptions to the decline in kidney cancer mortality were observed among Asian/Pacific Islanders and persons 75 years and older, for whom mortality rates increased. Although the reasons for the increase in mortality among Asian/Pacific Islanders are not clear, the increase in mortality in elderly patients may be at least partly attributed to the increase in the incidence of metastatic disease detected in this age group. Interestingly, previous studies found an association between older age and the high and increasing utilization of diagnostic imaging [20, 23, 35] . However, as was observed in other groups, RCC incidence among patients 75 years and older stabilized and seemed to decline after 2009.
It would be reasonable to expect that incidence rates of localized disease would increase faster in patients living in more affluent areas, since they might have better access to diagnostic methods. However, this was not the case. Although rates were somewhat higher in wealthier areas, rates for localized RCC increased similarly across all SES levels.
Taken together, the increase in the incidence of small, localized tumors without a corresponding increase in kidney cancer mortality supports the hypothesis that incidence trends, until around 2009, were mostly driven by incidental findings associated with increased utilization of diagnostic imaging. As recently reported, utilization (and spending) of advanced diagnostic imaging seems to have subsided [36] [37] [38] . After the 2000 through 2005 boom in advanced medical imaging (when CT utilization grew at an annual rate of 14.3%), growth in medical imaging declined precipitously in subsequent years, from 7.1 percent in 2006 to 1.4 percent in 2009 [38] . A study comparing Medicare expenditures found that advanced imaging was among the fastest growing categories of Medicare services in the early 2000s, but was in the bottom 2 percent of spending growth categories in 2011 [36] . The drop in medical imaging was also reported for privately insured patients, for whom medical imaging actually declined by 5.4 percent from 2009 to 2010 [38] .
In light of the timing described in these reports, it is possible that the levelling off or decline in RCC incidence rates observed after 2008-2009 may be at least partly due to the lower use of advanced diagnostic imaging. If many of the prevalent but asymptomatic RCC cases in the population were detected during the period when diagnostic imaging surged, then a decline in RCC incidence may be observed in the near future. Trends should be carefully assessed before drawing final conclusions.
The percentage of surgically treated cases of localized RCC has decreased in California, from 96.3 percent in 1988 to 88.6 percent in 2013. As with some other cancers detected incidentally or through screening, there is concern that at least a portion of early-detected kidney cancers are actually indolent tumors unlikely to diminish longevity, and that aggressive treatment in these cases may cause more harm than benefit [39, 40] . Furthermore, evaluating outcomes of early-diagnosed cancers can be problematic due to time biases that result in artificially inflated survival estimates. The greatest challenge in the management of patients diagnosed with small kidney tumors is distinguishing between aggressive tumors which require surgical treatment and less aggressive tumors that may be appropriately managed with active surveillance [39, 41] . This distinction is important, since not all small renal tumors are indolent, and metastatic disease can be present at the initial presentation [42] . In fact, a study of clinical and preclinical periods for RCC suggested that most renal cell carcinomas detected by imaging screening are likely to progress to clinical diagnosis [43] .
Previous studies showed that partial nephrectomies for stage I renal cancer have increased substantially in the US, [44, 45] although they are still considered underutilized [46] [47] [48] and limited mostly to tertiary care centers [49] . Overall, the proportion of partial nephrectomies among patients diagnosed with small (≤ 4 cm) localized RCC in California increased steadily after the mid-1990s, from 13.8 percent in 1988 to 74.6 percent in 2013. Unlike trends in RCC incidence, there are no signs that the increase in partial nephrectomies is slowing down. Because the management of small kidney masses is complex, and given the availability and technological advances in diagnostic procedures, the development of tools able to distinguish indolent from more aggressive tumors should remain a priority.
When interpreting the findings of this study, several limitations should be recognized. Although the California Cancer Registry has consistently attained the North American Association of Central Cancer Registries' gold standard status for data quality, completeness and timeliness, some variables in our study had missing values. During the study's 25 years, an average of 36.9 percent of RCC cases had missing values for grade, and 10.2 percent had missing tumor size. Although the recording of tumor size improved substantially over time, the incidence of tumors of unknown grade has recently risen, hindering the interpretation of trends by tumor grade. In addition, given the length of time for cancer registries to collect complete incidence data, 2014 diagnoses were excluded due to only an estimated 97 percent completeness level. Another limitation is that many small kidney tumors are not biopsied, and would not have been confirmed as malignant. Notwithstanding these limitations, the quality of CCR data coupled with the size and extreme diversity of California population made it possible to perform granular analysis of trends by several demographic and clinical factors, as well as detect differences that would not have been detected in a smaller and less diverse population.
CONCLUSIONS
The marked increase in the incidence of RCC, observed in all population groups until 2007-2009, appears to have abated in recent years. Consistent with early detection, the previously reported increase in incidence was limited mostly to early-stage disease. In parallel with the increase in early-stage RCC, the use of partial nephrectomies increased markedly during the study period and has not declined. Although it is possible that other factors contributed to the earlier increased incidence of RCC, trends were consistent with incidental discovery of renal tumors stemming from the large increase in diagnostic imaging. Following the reported slowdown in the utilization on advanced diagnostic imaging, RCC incidence rates appear to have stabilized in California.
ACKNOWLEDGMENTS
The collection of cancer incidence data used in this study was supported by California Department of Public Health as part of the statewide cancer reporting program mandated by the California Health and Safety Code Section 103885; the National Cancer Institute's Surveillance, Epidemiology and End Results Program under contracts awarded to the Cancer Prevention Institute of California, the University of Southern California, and the Public Health Institute; and the Centers for Disease Control and Prevention's National Program of Cancer Registries, under agreement awarded to the California Department of Public Health. The ideas and opinions expressed herein are those of the author(s) and endorsement by the State of California, Department of Public Health, the National Cancer Institute, the Centers for Disease Control and Prevention, or their Contractors and Subcontractors is not intended nor should be inferred.
CONFLICTS OF INTEREST
There was no specific funding for this study, and the authors have no conflicts of interest to disclose.
